Retinopathy of prematurity (ROP) remains a concern for many preterm infants. Early detection and timely treatment have been shown to be effective in improving visual outcomes; moreover, it is crucial that a series of indirect ophthalmic examinations be performed until an infant is considered no longer at risk for the disease. The purpose of this systematic review is to summarize and evaluate the published evidence regarding characteristics and effectiveness of pain management interventions during the ROP examination. Implications for practice are discussed and suggestions for further research are made. Despite the general consensus that ROP examination is a painful procedure with considerable amount of discomfort, evidence shows that pain management during the ROP examination is inadequate. Although there are currently clear recommendations and guidelines for performing the ROP examination, there are no standard protocols for pharmacological and nonpharmacological pain management during the ROP examination. This is an area where much work is still needed to address the needs of the infant during this critical examination. KEY WORDS: pain management, premature infants, retinopathy of prematurity eye examination LINDA IKUTA, RN, MN, CCNS
R etinopathy of prematurity (ROP) is a concern for many early born preterm infants. Infants born preterm (with a birth weight less than 1500 g, gestational age less or equal to 30 weeks, birth weight between 1500 and 2000 g, and gestational age greater than 30 weeks with complicated clinical course) are at risk for developing ROP, a disorder that potentially leads to blindness. 1 Because early detection and timely treatment have been shown to be effective in improving visual outcomes, it is crucial that a series of indirect ophthalmic (IO) examinations be performed until an infant is considered no longer at risk for the disease. 1 used in some neonatal intensive care units (NICUs) to screen for ROP, IO examination remains the gold standard and the method of choice for ROP screening in most NICUs. 2 Retinopathy of prematurity examination is essential in identifying and improving visual outcomes in a small but significant percentage of neonates. However, current evidence shows that ROP examination, a procedure commonly performed in the NICU, is painful and distressing. [1] [2] [3] [4] Preterm neonates admitted to the NICU undergo multiple painful procedures. Repetitive painful experiences resulting from such procedures can lead to short-term physiological and behavioral changes and perhaps have long-term neurodevelopmental implications for the child. [2] [3] [4] [5] [6] 
CURRENT LITERATURE AND DEFINITIONS
According to the International Association for the Study of Pain, pain is "unpleasant sensory and emotional experience associated with actual or potential tissue damage." 7(p210) In adults and in children who are developmentally able, self-report is the gold standard for pain assessment. Pain assessment is essential for effective pain management. The inability of the neonate to report or verbally communicate pain does not mean that a pain experience does not exist and that an intervention is not necessary. Nor it does suggest that an existing intervention is effective in managing a painful response. Physiological changes that are associated with procedural pain in preterm neonates have been well documented. Systematic complications such as increase in blood pressure (BP), respiratory rate (RR), heart rate (HR), oxygen administration, body movement, cortisol levels, and a decrease in oxygen saturation (O 2 sat) from baseline during and immediately after the examination have been reported. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Current evidence also shows pain scores obtained with multidimensional pain assessment tools such the "Premature Infant Pain Profile" (PIPP) and the "Assesses Crying, Oxygen Requirement, Increased Vital Signs, Facial Expression, Sleep" (CRIES) 5, 8, 12, 16 to be significantly higher during ROP examination than those obtained at baseline or prior to the examination. In addition to the above-described more immediate physiological changes, it is suggested that repetitive painful experiences in the vulnerable neonate may have long-term consequences such as altered pain sensitivity and behavioral and learning disabilities. 3 Nonpharmacological interventions such as oral sucrose administration and the Newborn Individualized Development Care and Assessment Program (NIDCAP) have been shown to be efficacious for brief painful procedures such as heel sticks and endotracheal suctioning. 17 With NIDCAP the infant's behaviors and cues are used to modulate the caregiving and individualize it to best support the needs of the infant. It is not clear whether the addition of topical anesthetic eye drops and other such interventions are adequate for pain management for the ROP examination.
PURPOSE
The purpose of this article is to summarize and evaluate the published evidence regarding characteristics and effectiveness of pain management interventions during the ROP examination. Implications for practice will be discussed and suggestions for further research will be made.
METHODS

Methodology and Data Retrieval
Following the scientific guidelines for integrative research reviews described by Cooper, 18 an analytical framework was developed to answer 3 key questions. What practices or interventions are being currently used to manage pain and distress during the ROP examination? Are those measures(s) or practice(s) effective in reducing pain and distress responses in infants undergoing ROP examination, and what is the quality of the evidence supporting the efficacy of those intervention(s)?
Data Sources and Search Methods for Identification of Studies
In collaboration with a librarian experienced in searching computerized bibliographic databases, the authors conducted a search of the MEDLINE, the Cochrane library, National Library of Medicine gateway, Cumulative Index to Nursing and Allied Health Literature, Nursing Consult, Health Source: Nursing/Academic Edition, and HealthStar for English language articles published between January 1985 and November 2008. Searches of those electronic databases were based on the following Medical Subject Headings (MeSH) search terms: "Retinopathy of Prematurity" AND (screen* OR diagn* OR assess* OR exam*) AND (distress* OR comfort* OR discomfort* OR behav* OR response* OR respond* OR pain* OR analges* OR suck* OR sucrose OR sugar* OR pacif* OR touch OR touching OR hold OR holding OR held OR sedat*).
In addition to the above literature review, the authors searched for any previous reviews including cross-references, abstracts, conference and symposia proceedings, and dissertations. A search of the Biological Abstracts Previews using the Biological Science Information System (BIOIS) data base also was conducted. After potential references were identified through electronic and manual searches, references were retrieved and screened and relevant articles were saved and read. New references were identified through citations, retrieved and examined for relevance, and included in this review. Inclusion criteria for this integrative review were the use of pain and comfort measures during ROP examination.
Retrieved articles were divided into 3 categories. Category 1 includes all experimental and quasi-experimental studies that met the acceptable experimental study design criteria as defined by the Effective Practice and Organization of Care (EPOC) Group. 19 Category 2 includes all research articles that did not meet the EPOC criteria. Category 3 includes reviews, case reports, dissertations, and meeting abstracts.
RESULTS
Our search yielded 23 articles, 8 meeting abstracts, and 1 dissertation. Eleven articles addressed pain management during ROP and met the acceptable experimental study design criteria as defined by the EPOC. All 11 articles were controlled trials and were classified under category 1 as previously described. For the description of those 11 trials, see Table 1 . Four articles were retrieved and classified under category 2 as previously described. Three of these articles were observational studies that examined the absence or presence of pain responses during the ROP examination, and 1 was a systematic review of digital imaging screening strategies for ROP. However, further examination showed that neither the systematic review nor the 3 observational studies addressed pain management during retinopathy screening, and all 4 articles were excluded from this review. Of the 8 abstracts, 4 belonged to either the observational studies or to the trials that were already retrieved. Two abstracts were new and relevant to our search. Because of paucity of data on pain management during ROP examination, the information provided by these 2 abstracts was considered to be of value to this review, and, therefore, both abstracts were included under category 3 and were added to the analysis. The other 2 retrieved abstracts did not meet the search criteria and were discarded. The dissertation included the same work that was published in one of the trials. Eight editorial articles were irrelevant and were discarded ( Table 2 ). In analyzing the trials, 5 types of interventions were identified and evaluated: (1) administration of oral sucrose, (2) RetCam screening, (3) installation of topical anesthetic eye drops immediately prior to the examination, (4) nesting, and (5) NIDCAP intervention. The following section includes a comparison of all 11 trials and the 2 abstracts (n ϭ 13). In this review, only 2 trials showed significant reduction in indicators of pain when sucrose was used for analgesia in preterm neonates undergoing ROP examination. The American Academy of Pediatrics guidelines recommend a combination of different behavioral and pharmacologic interven-tions during painful procedures to achieve an additive or a synergistic effect. 3 Studies found that the effect of sucrose is dependent on the number and the volume of doses administered. The higher the dose and the greater the number of doses given, the greater the reduction in pain. 21, 22 The addition of sucrose to local anesthetic drops with or without combination with other behavioral interventions appears to provide a partial analgesic effect in some, but not all, trials.
Category 1: Experimental and Quasi-Experimental Studies
Administration of Oral Sucrose
Significant differences exist in study methodology and study protocols among the 5 trials that examined the efficacy of oral sucrose in pain management during ROP examination. Because of those differences, a meta-analysis cannot be performed, and a conclusive statement regarding the efficacy of sucrose use for effective pain management during ROP cannot be made.
Topical Anesthetic Eye Drops
Two studies included in this review evaluated the potential benefits of topical anesthetic eye drops (proparacaine HCL 0.5% opthalmic solution) in reducing pain during ROP examination. Proparacaine eye drops installed 30 seconds prior to the examination were found effective in reducing pain responses in one study but not in the other. While Marsh et al 16 showed proparacaine to have a significant benefit in reducing pain responses during ROP examination, Saunders et al 20 showed no benefit. Significant methodological differences may have contributed to the conflicting findings. Two drops of proparacaine were installed 30 seconds prior to the ROP examination in Marsh's study, whereas 1 drop of poparacaine was installed prior to the procedure followed by subsequent doses during the examination in the Saunders' study. Saunders et al 20 did not report the total number of proparacaine drops installed prior to and during the examination. Based on this review, a conclusive statement regarding the effectiveness of proparacaine HCL 0.5% eye drops cannot be made. It remains unclear whether the effectiveness of proparacaine drops is frequency and dose-dependent. Sources of pain and stress during the examination are multiple and include insertion of the eyelid speculum, scleral depression, physical restraints, and brightness of the light. 4 Another point that is not addressed by either of these studies is the question about what particularly is painful about the examination and whether this intervention addresses those issues. The drops numb the cornea and the lens but have little effect on the eye cavity (response to speculum placement) or the sensitivity the infant might have to the very bright light used for the examination. This might explain the differences in the findings and be something to be considered for future studies in this area.
RetCam Screening
Two trials were identified that use RetCam screening as a means to make the ROP examination less stress for the infant. Both trials examined the effects of RetCam screening on BP, pulse, RR, and oxygen saturation as measures of pain and stress during the ROP examination and compared with those of binocular indirect opthalmoscopy (IO). Even though both trials show longer examination time with the RetCam method of screening, changes in physiological pain indices appear to be limited to O 2 sat in 1 study and to O 2 sat and BP in the other. The use of speculum during RetCam screening and IO appears to have contributed to an increased pain response.
One of the 2 trials was a pilot crossover trial in which subjects served as their own controls. 6 The sample size was a limitation in this study and study results cannot be generalized to the general population. The other study is a 2-center nonrandomized trial. 2 Lack of randomization could have contributed to the presence of significant variation at baseline in this study, a source of potential bias. Instillation of eye drops, introduction of the speculum, scleral depression, and traction on the rectus muscles, all were reported to be associated with oculocardiac reflex. 23 Mukherjee reported that 11.9% in the RetCam group developed bradycardia (oculocardiac reflex) compared with 8.3% in the BIO group. However, this difference was not statistically significance. Whether RetCam imaging is associated with higher incidence of oculocardiac reflex needs to be investigated.
Currently, there is insufficient evidence to show that Retcam screening does not cause pain and discomfort when used for ROP in preterm infants. Based on findings from the above-reviewed studies, it is unclear whether RetCam screening is associated with significant physiological and behavioral changes. As more NICUs elect to use retinal imaging for ROP screening, it becomes very important to assess and monitor pain responses, and, therefore, provide appropriate pain management during the procedure.
Nesting Without Topical Anesthesia
One of the reviewed trials examined the influence of nesting on body movement, HR, oxygen saturation, and crying time during the ROP examination. 13 Topical anesthetics were not used in either group. Less body movement was observed in the nested group including distal limb, proximal limb, and trunk when compared with the nonnested group prior, during, and after the ROP examination. No differences in HR and O 2 sat were observed; however, the study reported a shorter crying time and less movement in the nested group (11.8 s vs 92.4 s, P Յ .01). Lower body movement in the very preterm neonates could be an indication of "shutdown" due to lower strength and energy level and should be interpreted with caution. 24 Participants of this study were younger than participants in all the other reviewed trials with an average postconceptual age of 31 weeks' gestation. The other reviewed studies showed swaddling and holding to have neither an independent nor a synergetic effect in reducing pain responses in older neonates undergoing ROP examination. 10, 16 It is possible that the benefit of some of the nonpharmacological pain measures is dependent on the age of the neonate at the time the examination is performed.
NIDCAP Intervention Versus Standard Care in Conjunction With Topical Anesthesia
In a 2-center prospective randomized and crossover pilot study, Kleberg et al 11 investigated whether a Newborn Individualized Developmental Care and Assessment Program intervention during ROP examination results in less adverse behavioral, pain, and stress responses compared with standard care. Responses included HR, respirations, O 2 sat, oxygen administration, pain scores, and salivary cortisol. Standard care consisted of dimmed lighting, reduced sound and activity levels, and standard bed support. The NIDCAP intervention consisted of a structured NIDCAP observation prior to the examination and NIDCAP care provided during the examination by a certified NIDCAP observer with the purpose of reducing the infant's distress. This care would include observing the infant's cues and behaviors and then individualizing the care to support the infant's needs. Study results showed ROP examination to be associated with an increase in salivary cortisol levels from baseline 30 to 60 minutes after completion of the examination in both the standard and the NIDCAP groups. However, there was shorter recovery time in the cortisol levels after the examination in the NIDCAP intervention group indicating that perhaps the NIDCAP intervention reduced stress during the Advances in Neonatal Care • Vol. 9, No. 3
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procedure. There were no observed group differences in the PIPP scores, HR, RR, or O 2 sat during and 30 to 60 minutes after the examination. Study limitations include the use of a RetCam 130 imaging as a method of screening in 1 center and indirect opthalmoscopy examination in the other. Speculum and sceleral indenter were used with both methods of examination. Investigators reported lower PIPP scores in the center where the RetCam was used. This report is consistent with findings of lower pain responses in the 2 trials that compared the RetCam use with IO and were discussed earlier in this review. 2, 6 Kleberg et al 12 suggested that findings from the center that used the RetCam may have been confounded by a shorter observation time due to the limited ability to observe the infant's face with the RetCam screening.
The NIDCAP is an internationally recognized program that has demonstrated significant short-term benefits in allowing optimal neurobehavioral development of the preterm infant. However, because of the high cost and complexity, many NICUs have resorted to partial implementation of the program. 24 Many NICUs incorporate 1 or more NIDCAP interventions into their standard care, a limitation to comparing a NID-CAP program with standard care. Limitations due to the feasibility and cost-effectiveness of the NIDCAP program raise the questions of whether an individual intervention of the program is as effective in pain management during ROP examination as the whole program, and whether 1 component intervention of the program is more or less effective than the other.
Category 2: Studies Not Meeting EPOC Criteria
We did not find any studies that belong to this category.
Category 3: Reviews, Case Reports, Dissertations, and Meeting Abstracts
Effects of "Facilitated Tuck"
In a prospective repeated measures design of 20 neonates who served as their own controls, Khurana et al 26 examined the effects of containing the infants' arms and legs in a midline position on decreasing stress responses during ROP examination. No significant differences were observed in the outcome measures of HR and O 2 sat between the tucked and the nontucked group. However, recovery to baseline was faster in the tucked group (P Ͻ .5). Similar results were reported by Slevin et al, 14 who examined the influence of nesting on body movement, HR, O 2 sat, and crying time during the ROP. Facilitated tuck and nesting appear to provide some benefit in reducing body movement and crying in both studies.
Effects of Topical Anesthetic Drops
In 13 examinations of 8 neonates, Porter and Lueder 27 examined the effects of topical propara-caine 0.5% installed 1 minute prior to the ROP examination on HR, mean BP, and O 2 sat during and after the procedure. No differences were observed between the group receiving anesthesia and the group that received no anesthesia. Observed changes in HR, mean BP, and O 2 sat were similar to those observed in full infants undergoing circumcision surgery without local anesthesia. Results from this study are similar to those reported by Marsh et al 16 and which were discussed in a previous section of this review. However, lack of details regarding study methodology and protocols and the small sample size compromise the validity of those results.
LIMITATIONS OF THE REVIEW
This integrative review was aimed at identifying and evaluating the efficacy of practices and interventions that are currently being used to manage procedural pain during the ROP examination. The limitation of this review is that it includes only literature that is published in English-speaking journals. Because published studies of pain management during ROP are few, no attempt was made to narrow the search further. Because of limited resources and time constraints, expert opinion and author contacts were not sought.
IMPLICATIONS FOR PRACTICE
A substantial body of evidence indicates that ROP examination is a painful procedure with a significant amount of stress and discomfort. In addition to topical anesthetic drops, studies identified in this review examined the analgesic effect of several nonpharmacological interventions on physiological and behavioral pain indicators in preterm neonates of comparable gestational ages and birth weights. Interventions examined by the identified studies included 24% and 33% oral sucrose with or without nonnutritive sucking in single or multiple doses, nesting, RetCam use, NIDCAP as compared to standard interventions, and proparacaine HCL local anesthetic eye drops. All trials included in this review met the acceptable experimental study design criteria as defined by the EPOC. However, because of paucity of data and significant differences in methodology and study protocols, a conclusive statement regarding the efficacy of the reviewed interventions cannot be made. The utility of these interventions as the sole method of pain management during ROP examination remains in question. It is evident from this review that pain management during ROP examination is not adequate, and the currently used interventions provide non-to partial pain relief.
Clinicians should be aware that ROP eye examinations are associated with a considerable amount of pain and stress despite the use of nonpharmacological and topical pharmacological interventions. The ROP examination is not a brief procedure. The actual examination time is estimated to be 2 to 3 minutes. Furthermore, eye drop installation starts anywhere from 60 to 90 minutes prior to the examination. The stress and discomfort caused by the examination are not limited to the procedure itself, and tactile procedures prior to the actual examination could significantly compromise the ability of a fragile and vulnerable preterm neonate to respond to pain during the procedure. For example, initial stinging from eye drops, delayed feedings, or exhaustion from oral feedings if offered prior to the examination may exaggerate a baby's response to pain and diminish the baby's ability to self-regulate. When performing a ROP examination, clustering, scheduling, or performing other tactile and painful procedures prior and after the examination should be examined closely to prevent a windup phenomenon or/and generalized stress response. 28 Neonatal intensive care units should have clear and standardized protocols for comprehensive pain assessment and pain management pre-, post-, and during ROP examination. A combination of strategies should be considered to minimize pain and discomfort and achieve maximum effect of pain management. Caregiver perception and parent perception of pain and changes in physiological and behavioral indicators of pain should be taken into consideration when assessing pain and evaluating pain management interventions.
IMPLICATIONS FOR RESEARCH
A conclusive statement regarding the efficacy of the interventions that were examined in the studies included in this review cannot be made. Significant variations in methodology and study protocols of the reviewed trials exist. Standardization of future study protocols is needed so that a recommendation regarding effective pain management during ROP examination can be made.
Future research should be focused on identifying the most effective intervention in managing pain during ROP examination. However, ensuring adequate pain management cannot be achieved without ensuring high degree of sensitivity and specificity of the methods used to assess changes in pain indicators. In addition to physiological responses, 6 of the review studies used the PIPP to assess behavioral pain responses during the ROP examination. The PIPP is a multidimensional tool that meets the NANN Pain Assessment and Management Guidelines for Practice and has documented evidence of adequate reliability and validity in assessing acute pain 30 seconds following a brief noxious stimuli such as a heel stick procedure. 29 However, its efficacy in assessing pain responses that are associated with longer and more involved procedures such as the ROP examination needs to be investigated.
Digital imaging is a new promising modality for ROP screening. Early indications and the limited availability of data suggest a longer screening time and a certain level of discomfort and pain to be associated with this method of screening. Pain responses and pain management interventions specific to this method of screening need to be examined.
Even though many NICUs are currently using the RetCam imaging system to evaluate ROP either onsite or via telemedicine, there is no indication that RetCam screening is going to replace IO examination. A recent systematic review of digital imaging screening indicates that RetCam screening may reduce the overall number but would not replace all IO examinations. Upfront costs of digital cameras imaging systems, which cost about $60,000, in addition to personnel training and quality control issues, may be among the barriers to its use. 30 Data from the reviewed trials suggest inconsistencies in the timing of mydriatic installation in relation to the start of ROP examination. With the suggestion that the installation of mydriatic drops is associated with systematic changes, there is a need to investigate whether the installation of the mydriatic drops has a compounding effect on the pain experience and whether pain measures should be provided prior to the installation of the mydriatic drops.
CONCLUSION
Despite the general consensus that ROP examination is a painful procedure with considerable amount of discomfort and despite the overwhelming concern among caregivers regarding the long-term consequences of pain in the fragile neonate, evidence shows that pain management during the ROP examination is inadequate. Even though there are currently clear recommendations and guidelines for performing the ROP examination, there are no standard protocols for pharmacological and nonpharmacological pain management during the ROP examination. This is an area where much work is still needed to address the needs of the infant during this critical examination.
